The distribution of resources should influence mate availability and the costs and benefits of pursuing different mating strategies. Where resources are dispersed, males may be constrained in the extent to which they can monopolize more than 1 partner, resulting in social and genetic monogamy. There is abundant correlational evidence that resource distribution influences social and mating systems, but experiments that demonstrate a causal link between these variables are relatively rare. Here, we used a replicated experiment involving 160 animals to examine how the distribution of a key resource, crevice sites used as nesting habitat, shapes social and mating behavior of a family living lizard, Liopholis whitii. The distribution of crevice sites had significant effects on several important aspects of the social and mating system. When habitat was aggregated, adults had larger home ranges and overlapped with more individuals of the opposite sex, resulting in increased opportunity for social polygyny. Aggressive female territoriality appears to impose upper limits on opportunities for polygyny by restricting female-female home range overlap. Despite this, males in aggregated habitats still formed polygynous social groups more often than males in dispersed habitat. Aggregated habitat also increased the opportunity for sexual selection, resulting in greater variance in male reproductive success and a steeper Bateman gradient compared with males occupying dispersed habitat. These effects were independent of the increase in social polygyny. Overall, our study is consistent with the hypothesis that habitat structure is fundamentally important to the evolution of social and mating systems.
INTRODUCTION
Understanding processes that mediate the evolution of social living is a key objective in evolutionary ecology. In many systems, variation in social organization is closely associated with spatial and temporal heterogeneity in resources, such as food and shelter. Resource distribution and availability were originally suggested to explain the evolution of spacing patterns and territoriality in birds (Brown 1964) , but now underlie theories for the evolution of cooperative breeding, year-round residency, delayed dispersal, reproductive skew, and sexual traits in a wide variety of taxa (e.g., Koenig et al. 1992; Komdeur 1992; Emlen 1995; Hatchwell and Komdeur 2000; Kokko and Ekman 2002; Clobert et al. 2009; Cornwallis and Uller 2010) . Resource distribution is also important in dictating which mating strategies are most successful by affecting the reproductive opportunity for males and females and the costs and benefits of acquiring partners (Shuster and Wade 2003; Oh and Badyaev 2006) . For example, when females seek out particular resources, such as food or nest sites, the distribution of these resources should determine the potential for males to economically monopolize single versus multiple mates (Emlen and Oring 1977) .
Empirical studies have demonstrated that resource distribution does indeed covary with social organization across a broad range of taxa (mammals: Campbell et al. 2006; Lukas and Clutton-Brock 2013; Rémy et al. 2013 ; fishes: Thompson et al. 2006; Przybylski et al. 2007; Wong et al. 2012; birds: Leisler et al. 2002; Covas et al. 2004; Halupka et al. 2014) . For example, home range overlap of male and female yellow-necked mice, Apodemus flavicollis, covaries with food availability (Stradiotto et al. 2009) , and the formation of polygynous mating groups in the dunnock, Prunella modularis, is associated with the density and proximity of suitable foraging patches (Davies and Lundberg 1984) . The majority of studies to date have focused on birds and mammals. Although these systems provide valuable insights into how resource distribution influences the maintenance and diversification of social organization, the near ubiquity of sociality in these taxa means that they tell us little about the role these factors may play in the initial origins of social organization. To address this shortcoming, we need to identify systems in which sociality is simple and facultative, as they will provide insights into the role resource distribution may have played in the initial emergence of group living.
Lizards are increasingly being recognized as valuable alternative systems in socioecological research (Doody et al. 2009; Gardner et al. 2015; Leu et al. 2016) . Unlike birds and mammals, most lizards do not provision their young postpartum, alleviating sexual conflict that selects for male adherence to a monogamous mating strategy under the constraints of obligatory paternal care (discussed in Emlen and Oring 1977) . This feature allows for a more direct interpretation of the influence of ecological variation on mating strategies and the consequences of this for evolutionary transitions to more complex forms of sociality (While, Halliwell, et al., 2014) . Lizards are also highly amenable to experimental manipulation (Le Galliard et al. 2005; Warner and Shine 2007; Keogh et al. 2013; While et al. 2015) and, combined with genetic methods of paternity assignment, make it possible to identify the causal relationships between resource availability and the social and mating system.
Among the lizards, skinks of the Egernia group (Egerniinae) display considerable variation in social and mating organization. Species range from being solitary, to forming long-term pair bonds and family groups, to complex multigenerational social groups that persist between years (Chapple 2003; Gardner et al. 2015) . Some studies suggest that variation in social and mating organization is a direct result of variation in the availability and structure of crevice sites, the refugia around which the majority of an individual's daily activities take place (Duffield and Bull 2002; Chapple 2003; O'Connor and Shine 2003; While et al. 2009 ). However, current empirical evidence for a link between crevice site distribution and social systems in Egernia is equivocal. For example, manipulation of crevice site availability in E. striolata altered adult pair bonding, with more pairs forming when crevice availability was low (Lancaster et al. 2010) , whereas in Egernia stokesii, crevice site abundance had no effect on the social group structure (Gardner et al. 2007 ). To address the role that crevice site availability may have played in the emergence and diversification of social organization in Egernia, we therefore need to isolate alternative causative factors in well-replicated, manipulative experiments.
Here, we experimentally tested how the structure and availability of habitat (crevice sites) influences the mating and social behavior of Liopholis whitii (formerly Egernia whitii). Liopholis whitii live in nuclear family groups comprising of a long-term adult pair and a single cohort of offspring (While et al. 2009 ). However, this species also displays considerable within population variation in social and mating strategies, with both monogamy and polygyny occurring at the social and genetic level (While et al. 2009 ). Approximately 70% of adults exhibit social monogamy characterized by stable long-term pair bonds with the remaining ~30% forming polygynous social groups whose composition may vary across years (While et al. 2009 ). Similarly, although genetic monogamy is the norm, approximately 30% of offspring are the result of genetic polygyny (e.g., extrapair paternity [EPP] ). The ability of a male to acquire both social and genetic polygyny has significant implications for his reproductive success (While et al. 2011) . Therefore, this species offers an excellent opportunity to explore the extent to which variation in individual social and mating strategies depends on the structure and availability of habitat resources (e.g., crevice sites).
We housed captive populations of L. whitii in large seminatural enclosures with either an aggregated or dispersed coordination of available crevice sites. We predicted that aggregating resources would increase the extent of intersex overlap, increasing the frequency of both social and genetic polygyny, and the potential for sexual selection on male phenotypic traits. If multiple paternity in L. whitii is controlled largely by male-female encounter rates (sensu Uller and Olsson 2008) , we also predicted that aggregating resource patches would increase rates of multiple and EPP among females.
MATERIALS AND METHODS

Study species
Liopholis whitii is a medium sized (<100-mm snout-to-vent length [SVL] ) viviparous skink found in dry habitats throughout southeastern Australia. Morphology and life-history traits vary geographically (see Chapple and Keogh 2005) . In Tasmania, males and females are sexually monomorphic, become reproductively mature at approximately 3 years, and have an overall life span of 9-10 years (While G, unpublished data) . Reproduction occurs annually, with mating occurring during the austral spring (September-October). Gestation spans 3-4 months with births occurring in the Austral summer (January-February) (While et al. 2007 ).
Animal capture and husbandry
During August 2013, we captured 80 males and 80 females from a population at Orford on the east coast of Tasmania, Australia (42°57′S, 147°88′E) using fishing and noosing techniques (Dodd 2016) . On capture, animals were secured in canvas bags and placed in a cooler during transport back to university facilities. In the laboratory, we measured individuals for SVL, total length, head length and head width (±1 mm), mass (±1 mg), and determined sex by hemipenis eversion. We took a tail tip sample from every individual for genetic analysis (see below). Animals were toe clipped for unique identification.
Animals were housed individually in temperature-and light-controlled rooms, with room lights set to a natural (12:12) day-night cycle. Terraria (30 × 60 × 40) were made from opaque plastic and contained ~5 cm of paper-based cat litter, food, and water dishes, a shelter at one end and a basking rock at the other. Basking lamps were set to come on 1 h after ambient lights came on (simulating sunrise) and turn off 1 h before they went out (sunset). This provided a thermal gradient of 17-40 °C in the terraria, allowing animals to bask to their preferred body temperature of 34 °C (Bennett and John-Alder 1986) . Water was provided ad libitum and animals were fed every 2 days on mealworms dusted with mineral supplement and periodically with pureed fruit. Animals were held under these conditions for ~3 weeks, before being randomly allocated to treatment groups and released into the experimental enclosures. After random allocation, we confirmed that both sexes were matched for SVL and body mass across treatment groups using a Gaussian generalized linear model (GLM) with treatment, sex, and the treatment by sex interaction term as fixed effects (Supplementary Table S1 ).
Experimental protocol
Enclosure setup
We conducted the experiment from September 2013 to February 2014 at the University of Tasmania's Cambridge farm facility. We used 16 large (8 × 8 m) outdoor enclosures constructed from 40-cmhigh tin walls and the entire compound (30 × 70 m) was enclosed with bird exclusion netting (Supplementary Figure S1) . Each enclosure contained five 1 × 1 m wooden pallets representing high-quality habitat patches and 4 small satellite patches consisting of 2 cement blocks representing low-quality habitat. Each pallet had ~100 L of sand/gravel mix placed in the center to provide burrowing substrate and 6 cement blocks arranged on top to provide a basking site with each major aspect. Low-quality patches were not provided with any burrowing substrate and were distributed at equal distances from high-quality habitat patches in both treatments (see below). We installed 4 drink stations in each enclosure and periodically supplemented available forage by scattering an equal amount of live food (mealworms and crickets) throughout each enclosure.
We manipulated the distribution of crevice sites within our enclosures in a 2-treatment design, providing 8 replicates of both an aggregated and dispersed resource distribution. In the aggregated treatment, habitat patches containing high-quality crevice sites were clumped in the center of the enclosure, whereas in the dispersed treatment, high-quality sites were distributed uniformly throughout the enclosure (Supplementary Figure S2) . Thus, all enclosures had an equal number of crevice sites but differed in the physical distribution of those sites.
Behavioral observations
In mid-September 2013, we introduced 5 males and 5 females into each enclosure. This represented slightly higher densities than occur in wild populations because we wanted to create competition for high-quality habitat patches. We attached colored cloth stickers (Tesa, Hamburg, Germany) to the back of each individual indicating their sex and enclosure ID for rapid identification during observations (Supplementary Figure S3) . We collected data on adult locations and behavioral interactions twice a day, once in the morning (8-12 AM) and once in the afternoon (3-6 PM) on days suitable for lizard activity for 3 months. The location of each individual was recorded only once per session, and observations of the same enclosure were at least 3 h apart to avoid autocorrelation. In each session, an observer (B.H.) spent 10-min walking slowly around the perimeter of each enclosure, recording the physical position of each individual on enclosure maps and detailing any interactions (e.g., fights, chases, copulations). Once each enclosure had been observed, a further 20 min was spent walking throughout the entire enclosure complex, opportunistically collecting observations of any individuals not previously observed. The order in which enclosures were observed was randomized between sessions to avoid temporal effects. The behavioral interactions recorded ("chase," "fight," "basking close," "contact," and "copulation") were observed too infrequently to include as response variables in formal analyses. However, we were able to use "contact" (male-female) and "basking close" (male-female) interaction data to inform social pairings (see below). We defined "basking close" as when a male and a female were observed basking within a body length of each other but were not observed to interact further. We defined "contact" as any event where a male and female came into physical contact but did not engage in agonistic behavior or copulation (see also While et al. 2015; Heathcote et al. 2016) .
Toward the end of gestation (mid-January), all animals were recaptured, brought back into the laboratory, and housed as described above. The terraria of gravid females were checked daily for offspring. On discovering offspring, date of birth was recorded and the individual was temporarily removed from its mother to obtain weight (±10 mg), SVL (±0.5 mm), and total length (±0.5 mm). Each offspring was then toe clipped for unique identification and had a tissue sample taken (~5 mm of tail tip, subsequently stored in 90% ethanol) for paternity analysis.
Estimating home ranges and overlap
We used least squares cross-validation (LSCV) in ArcView 9 to calculate 50% kernel home ranges areas (henceforth, HR size) for each individual using the positional point-data collected during observations. The median number of observations of an individual during our experiment was 16. Although 30 points is considered the minimum number of observations to reduce bias when generating home range kernels via LSCV (Harris et al. 1990 ), L. whitii are highly territorial and spend the vast majority of their time in or around a single burrow site. As a result, observations were generally tightly clustered around a specific location, making core home range areas easy to define and less prone to bias from random sampling (see Tinkle et al. 1962; Hews 1993) . Therefore, we decided to exclude from further analyses only individuals that had fewer than 8 observations (n = 17). Because the number of observations recorded for the remaining individuals varied considerably (females: 8-29, males: 8-59), we also set a constant LSCV smoothing factor of 0.75 when generating kernels rather than allow ArcView to automatically assign a smoothing factor based on the data cloud of each individual. A smoothing factor of 0.75 was chosen because it was most effective at buffering against oversmoothing the kernels of individuals at the high end of the range of sample size as well as undersmoothing those at the low end (see Kie 2013) . Each kernel was then individually checked against the data cloud to verify that it represented a realistic estimate of the core home range of individuals based on observations. In L. whitii, 50% kernels represent an individual's permanent shelter site around which it basks, forages and experiences the majority of its social interactions (Chapple 2003; While et al. 2009 ). Therefore, we estimated home range overlap as the number of conspecifics and percentage of the home range overlapped at the 50% kernel area.
Identifying pair bonds
We defined pair bonds based on percentage of kernel overlap as in previous studies of Egernia group lizards (e.g., While et al. 2009 ). The male that overlapped the greatest percentage of a particular female's HR size was considered to be her social partner (see While et al. 2009 ). Where a male was identified as the social partner of multiple females using this criterion he was considered socially polygynous (n = 16). Where a male was not identified as the social partner of any females based on this criterion, he was considered unpaired (n = 26). Males and females identified as pairs overlapped a considerably larger proportion of their home range compared with the average male-female overlap (see Supplementary Table  S2) . We defined a female as not having a social partner if she did not overlap with any males (n = 11) or if percentage overlap with the most overlapping male was <10% and we had not observed any positive interactions or "proximity" observations (defined as observations where both individuals were observed occupying the same habitat patch within an observation period) between the focal female and the most overlapping male (n = 1). In cases (n = 13) where 2 males overlapped the focal female to a similar extent (e.g., the 2 most overlapping males were separated by <10%), we assigned the male with the greatest number of positive interactions and proximity observations with the focal female as the social partner. When there was either none or an equal amount of interactions or proximity observations recorded between the female and both the conflicting males, we chose to accept the male with the greatest overlap as the social partner. To confirm this assignment of pair bonds, we also conducted a separate set of analyses in which we generated 10 dummy data sets by randomizing the assignment of conflicting males to each female and checked for consistency of results between models run on the randomized data sets.
Parentage assignment
All individuals included in the study were genotyped for 6 microsatellite loci (EST1, EST2, EST4, EST12: Gardner et al. 1999; TruL12, TruL28: Gardner et al. 2008 ) using standard molecular techniques with DNA extracted from tail tip samples (see While et al. 2009 While et al. , 2011 for further details). Paternity was assigned using the computer program CERVUS 3.0 (Marshall et al. 1998 ) using the following simulation parameters: 10 000 cycles, 95% of candidate parents sampled, 95% loci typed, and a genotyping error rate of 1% (calculated in CERVUS from our data). The "one known parent" option was used, with all adult males released into the same enclosure as the mother included as possible fathers. Paternity was assigned to the male with the highest male-female-offspring trio LOD score and the lowest number of mismatches (0 or 1) (e.g., Chapple and Keogh 2005; While et al. 2009; . Because there were only 5 possible fathers for any individual offspring within an enclosure, paternity could be assigned with high confidence in the majority of cases and 79 out of 82 offspring were included in analyses. By comparing the genetic father of offspring with the social father (assigned by greatest kernel overlap with the mother-see above), we could then determine whether offspring were the result of within-pair or extrapair copulations. Using these data, we quantified male reproductive success (RS) as the total number of offspring sired based on paternity analyses. We also quantified male mating success (MS) as the number of genetic partners a male sired offspring with. Female RS was quantified based on her litter size.
Statistical analyses
We conducted all statistical analyses in R (Version 3.1.2: R Development Core Team 2010), using linear mixed models (LMMs) and generalized linear mixed models (GLMMs) fit by the "lmer" (for Gaussian distributed response variables) and "glmer" (for binomial and Poisson distributed response variables) functions in the lme4 package (Bates et al. 2014) . Parameter estimates were derived using Laplace approximation. For LMMs, the significance of fixed effects is reported based on F tests with degrees of freedom approximated by the Kenward-Rogers method in the package lmerTest. For GLMMs, the significance of fixed effects is reported from likelihood-ratio tests obtained through the afex package (see Supplementary Tables S3-S12 for full model specifications and outputs). We included enclosure ID as a random factor in all models to account for block effects. Because many of the response variables of interest in this study may be affected by an individual's body condition, we included this variable as a covariate in all models unless explicitly stated. We defined the body condition of each individual from the residuals of a least squares linear regression of body mass on SVL.
Data for each model were checked for violation of model assumptions, continuous response variables showing signs of heteroscedasticity were appropriately transformed, and all model fits were checked for overdispersion using a Pearson's chi-square test. One Poisson distributed model (testing for the effect of treatment and phenotypic traits on male RS) was significantly overdispersed; we corrected for overdispersion by including individual ID nested within enclosure as a random effect (see Supplementary Material for details).
Home range and social pairings
We tested for treatment effects on HR size using LMMs with treatment, sex, SVL, and a treatment by sex interaction term as fixed factors. To test whether treatment influenced the number of samesex and opposite-sex conspecifics overlapping both male and female home ranges (hereafter intrasex and intersex overlap, respectively), we conducted Poisson GLMMs with identical fixed factors.
To test whether or not treatment influenced the probability that males formed polygynous social groups, we conducted binomial GLMMs with treatment and SVL as fixed factors. We also tested whether or not treatment influenced the probability that males were "social" (partnered) or "asocial" (not associated with a social partner) using a binomial GLMM taking treatment, intersex overlap and SVL as fixed factors.
Habitat quality
To verify that high-and low-quality habitat patches represented real differences in habitat quality, we tested for differences in body condition at recapture between individuals that had occupied high-and low-quality patches. Individuals were considered to have occupied high-quality patches if >50% of their kernel home range occurred on high-quality habitat. Body condition on release was included as a covariate in these models to control for initial differences in body condition between individuals. For females, we also included litter mass as a covariate to control for increases in body mass due to gestation.
Male and female RS
We tested whether female RS differed between treatments with a Poisson GLMM taking treatment and SVL as fixed factors. We also tested whether or not treatment influenced the probability that a female became pregnant using a binomial GLMM with intersex overlap as an additional term. Due to the reduced sample size of females that were both assigned a social partner and successfully reproduced, we were unable to obtain adequate replication to include enclosure as a random effect when testing the influence of treatment on rates of EPP. Therefore, this test was conducted using a binomial GLM with treatment, intersex overlap, and SVL as fixed factors.
We tested whether males in monogamous and polygynous social groups had different RS with a Poisson GLMM taking social status (monogamous vs. polygynous), treatment and SVL as fixed factors. To test whether the influence of key phenotypic traits on male RS differed between treatments, we conducted a Poisson GLMM taking treatment, SVL, head length, and both 2-way interactions with treatment as fixed effects. To generate standardized measures of head length that were not correlated with body size or body condition, we performed a least squares linear regression of head length on SVL and used the residuals from that model as our head size measurement. Thus, a positive head length value indicates that the individual had a longer than average head relative to other individuals of the same body length.
We calculated the standardized variance in RS between males within an enclosure following Arnold and Wade (1984) . We also generated estimates of the strength of sexual selection on males using Bateman gradients. Bateman gradients characterize the strength of sexual selection on males and are general defined as the slope of the least squares regression of relative fertilization on relative mating success (Jones 2009 ). As we were unable to confidently calculate relative MS for males (because copulations were observed too infrequently), Bateman gradients were calculated based on absolute values, derived simply from the least squares regression of male RS on male MS.
Ethics statement
All work was carried out with approval from the Animal Ethics Committee at the University of Tasmania (ethics approval number A13390). Our use of toe clipping as a means of permanently marking animal subjects and tail tips as a means of acquiring genetic material is based on peer reviewed literature evaluating the overall impact of marking methods in research involving lizards and was decided on after thorough investigation of alternative methods (see Supplementary Material for full justification of our methods).
RESULTS
During 2 months of observations, we recorded 2788 positional observations and 42 behavioral interactions. From the initial 160 individuals, 20 (8 males, 12 females) could not be recovered at the end of the experiment and were assumed dead. These individuals were excluded from analyses of pregnancy, litter size, and EPP but were included in analyses of HR size and overlap when their number of observations met minimum criteria. Of the 160 adults released, we had sufficient observational data to define kernels for 95% of males (n = 76) and 84% of females (n = 67).
Home ranges and male-female overlap
Treatment had a significant effect on HR size (F 1, 13.8 = 12.19, P = 0.003), with both males and females maintaining larger home ranges in the aggregated treatment (Figure 1) . Treatment also had a significant effect on intersex overlap for both males and females (Figure 2) , with more male-female overlap occurring in the aggregated treatment (females: χ 2 = 8.4, P = 0.004; males: χ 2 = 5.08, P = 0.024). In contrast, treatment had no effect on the extent of same-sex overlap (females: χ 2 = 1.87, P = 0.172; males: χ 2 = 3.79, P = 0.052). However, female-female overlap was significantly less common than male-male overlap in both treatments (χ 2 = 7.82, P = 0.005; Figure 3) ; 54% of females did not overlap with a single other female compared with 25% of males that did not overlap with another male. Body size (SVL) did not affect HR size or overlap for either sex (females: HR size, F 1, 62.8 = 0.17, P = 0.682; same-sex overlap, χ 2 = 0.67, P = 0.412; intersex overlap, χ 2 = 2.73, P = 0.098; males: HR size, F 1, 71.9 = 1.91, P = 0.171; same-sex overlap, χ 2 = 0.36, P = 0.548, intersex overlap, χ 2 = 0.09, P = 0.762).
After accounting for initial body condition, both males and females that occupied high-quality habitat patches were in better body condition at the end of the experiment than those that occupied low-quality habitat patches (males: F 1, 60.8 = 6.85, P = 0.011; females: F 1, 61.3 = 4.85, P = 0.032). Both sexes were also more likely to occupy high-quality patches in the dispersed treatment (males: χ 2 = 6.3, P = 0.012; females: χ 2 = 8.83, P = 0.003).
Mating and social behavior
Out of 76 males, 31 formed monogamous social groups, 13 formed polygynous social groups, and 32 did not exhibit a stable social partner bond. Out of 67 females, 31 formed monogamous social groups, 27 were members of polygynous social groups, and 9 did not exhibit a stable social partner bond. Treatment had a significant effect on the probability that males formed polygynous social groups, with more than 3 times as many polygynous groups occurring in the aggregated treatment (χ 2 = 5.17, P = 0.023; Figure 4 ). This remained the case when conducting analyses on randomized data sets to validate the assignment of pairs (see Methods for details) in all 10 tests, with at least 3 times as many polygynous social groups occurring in the aggregated treatment in each dummy data set (χ 2 > 4.04, P < 0.05). Neither treatment nor SVL influenced the probability that males formed social groups (treatment: χ 2 = 1.41, P = 0.235; SVL: χ 2 = 1.22, P = 0.268).
Reproductive success
Out of the 80 females released, 38 (47.5%) produced a litter, giving a total of 82 offspring. Mean litter size was 2.16 ± 0.12 g (range 1-3) and mean litter mass was 3.01 ± 0.16 g. The proportion of reproductive females and litter sizes are similar to that seen in natural populations (~60% of females per year; While et al. 2009 ). Body size (SVL) was the only significant predictor of whether females produced a litter (χ 2 = 9.35, P = 0.002); however, among reproducing females, neither SVL nor body condition influenced litter size (Supplementary Table S11 ). Correspondingly, treatment had no effect on male RS nor was there a difference in male RS between polygynous and monogamous social groups. Male RS was highly dependent on the number of genetic partners acquired (i.e., MS; χ 2 = 120.29, P < 0.001), indicating a strong positive Bateman gradient. However, a significant treatment by MS interaction (χ 2 = 14.45, P < 0.001) revealed that the gradient was stronger for males in aggregated enclosures ( Figure 5 ) than in dispersed enclosures. Specifically, a greater proportion of sires from the aggregated treatment produced offspring with multiple females, resulting in a higher incidence of both genetic polygyny (50% vs. 18% of successful sires) and males that did not sire any offspring (68% vs. 58% of total males) in the aggregated treatment. This was also reflected in a greater standardized variance in RS among males within enclosures from the aggregated treatment (2.29 vs. 1.88), indicating greater potential for sexual selection under these conditions. Despite this, and although SVL was positively related to RS across treatments (χ 2 = 7.34, P = 0.007), there were no significant interactions between treatment and any male phenotypic traits (Supplementary Table S6 ). Treatment had no effect on rates of EPP (χ 2 < 0.01, P = 0.934); 64% of litters from the aggregated treatment and 59% from the dispersed treatment contained EP offspring. However, the model indicated a marginally nonsignificant positive trend between intersex overlap and EPP (χ 2 = 3.73, P = 0.054). Multiple paternity was uncommon, occurring in only 3 of the 38 litters, all from females in the dispersed treatment. Thus, multiple paternity occurred in 15% of litters in the dispersed treatment and did not occur at all in the aggregated treatment. Due to this low occurrence, we did not attempt any formal test of treatment effects on rates of multiple paternity.
DISCUSSION
Identifying the links between variation in habitat availability and variation in mating and social systems represents one of the fundamental challenges in behavioral ecology. Here, we experimentally establish that the distribution of high-quality crevice sites plays an important role in mediating the social and mating system of a family living lizard. When crevice sites were aggregated into a central cluster, both males and females maintained larger home ranges, encompassing multiple high-quality patches and forcing the remaining individuals to establish territories around peripheral low-quality patches. In contrast, males and females in the dispersed treatment tended to form small discrete home ranges around a single high-quality habitat patch. As a result, when habitat patches were aggregated, the clumped distribution of females facilitated a greater level of male-female overlap, a greater number of polygynous social groups, and increased potential for selection on sexual traits. In the dispersed treatment, the majority of social groups consisted of a single male-female pair (e.g., social monogamy). These effects of resource distribution on social organization are consistent with theoretical predictions (Emlen and Oring 1977) , as well as empirical studies on a variety of taxa (Howard 1978; Wong et al. 2005; Martin JK and Martin AA 2007) , including reptiles (e.g., M'Closkey et al. 1990; Hews 1993 ). Below we discuss the behavioral mechanisms that potentially mediate the observed effects and the consequences of these results for our understanding of the maintenance and diversification of social organization in lizards. The extent to which males are able to realize their potential for polygyny will depend both on the distribution of resources, and the extent to which females tolerate overlap with other females. When breeding females are aggressively territorial, female density will be reduced (for a given distribution of resources), limiting both opportunities and the economic feasibility of multiple mating (Shuster and Wade 2003; also see FitzGibbon 1997) . In L. whitii, females exhibit similar levels of territorial aggression as males to both male and female conspecifics (Sinn et al. 2008; While et al. 2009 ). Interestingly, in our experiment, females maintained home ranges that were much more exclusive of one another than males, regardless of the distribution of resources. This intolerance most likely reduces the extent to which females formed dense overlapping aggregations like those observed in polygynous mating groups of other lizard species (e.g., Hews 1993; Jenssen and Nunez 1998) and may act to limit social polygyny in this system (e.g., social polygyny occurs only rarely in natural populations, ~20% of males) despite clear reproductive advantages of acquiring multiple mates for males (While et al. 2011) . Nevertheless, we observed increased levels of social polygyny when crevice sites were aggregated. Because this was not due to greater female-female overlap in aggregated habitat, it may simply arise from reduced nearest neighbor distances between female territories, making it possible for dominant males to maintain exclusive social access to more than 1 female (see also Manzur and Fuentes 1979; M'Closkey et al. 1990 ). Therefore, pockets of high female density could be the principle reason that polygyny is a viable strategy for some male L. whitii. Such conditions have been shown to promote the evolution of social monogamy in mammals (Lukas and Clutton-Brock 2013 ; also see Komers and Brotherton 1997) , and our study is consistent with the suggestion (Duffield and Bull 2002; O'Connor and Shine 2003; Michael and Cunningham 2010) that this has been important in the origin and evolution of family groups in Egernia as well.
Habitat distribution also had significant, albeit mixed, effects on male mating success. A higher proportion of sires from the aggregated treatment produced offspring with multiple females. This resulted in a higher relative rate of genetic polygyny, greater variance in male reproductive success and a steeper Bateman gradient in males from the aggregated treatment. This shows the importance of resource distribution for selection on sexual traits in L. whitii.
Interestingly, these results were independent of the difference between treatments in the frequency of monogamous versus polygynous social groups. Indeed, males in polygynous social groups did not achieve higher reproductive success compared with males in monogamous social groups in either treatment. These results are in contrast with those from the wild for this species (While et al. 2011 ; also see Abell 1997; Lewis et al. 2000; Haenel et al. 2003 for other species). This is further supported by the fact that neither home range size nor intersex overlap was significant predictors of RS for males.
Although variance in male reproductive success differed between treatments, and male body size predicted reproductive success across treatments, we found no evidence for stronger selection on male phenotypic traits when crevice sites were aggregated. These results indicate a system of facultative and competitive polygyny in which large males achieve the greatest reproductive success regardless of the distribution of resources. This is in contrast to natural population studies, which indicate no effect of body size on male RS in L. whitii (McEvoy et al. 2013) , and could reflect an artifact of elevated competition imposed by experimental conditions (Keogh et al. 2013) . Indeed, there is no strong evidence of sexual size dimorphism among other species in the Egernia group (Chapple 2003) . Sexual size dimorphism has been linked to male territoriality and social polygyny in lizards (Stamps 1983; Olsson and Madsen 1998) . Therefore, female intolerance may also play a role in constraining sexual selection on male body size in L. whitii by undermining the advantages of large males in maintaining polygynous social groups, especially in areas with low population density.
Rates of EPP did not vary across treatments or social group types, but were considerably higher than those reported from natural populations (While et al. 2011) . One explanation for this discrepancy is that rates of EPP were simply a product of abnormally high male-female encounter rates (see Uller and Olsson 2008 for a review of this topic). Alternatively, the high levels of EPP could be the outcome of scramble competition for mating when adults were first introduced into the enclosures. Specifically, if some males were successful in securing opportunistic matings with females other than their eventual social partner(s) before territories were fully established, this would necessarily inflate our estimates of EPP. Whatever the processes that explain rates of EPP found in this study, the general association between intersex overlap and EPP demonstrates that variables influencing the spatial association of potential mates will be important in determining the mating behavior of female L. whitii.
In summary, we found strong effects of the distribution of a key resource on various social and mating strategies in a social lizard. Our results are largely consistent with theoretical predictions (sensu Emlen and Oring 1977) , yet also support recent research demonstrating the role of female territoriality in mediating social spacing and the environmental potential for polygyny. These findings add weight to hypotheses advocating the importance of habitat structure in the processes that have led to the emergence and maintenance of sociality across the Egernia group (Duffield and Bull 2002; O'Connor and Shine 2003; Chapple and Keogh 2006; Michael and Cunningham 2010) and provide clear, testable hypotheses for future research. Specifically, where resource patches are small and uniformly distributed across the landscape we expect small social groups centered around monogamous pair bonds to form. Where resources are heterogeneously distributed in clumped patches, this should promote opportunities for social polygyny, potentially
